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Purification and Characterization of Lactate Dehydrogenase Isozymes in Charna argus
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The lactate dehydrogenase (EC 1.1.1.27, LDH) isozymes in tissues from (hanna argus were purified
and characterized by biochemical, immunochemical and kinetic methods. The activity of LDH in skel-
etal muscle was the highest at 380.4 units and those in heart, eye and brain tissues were 134, 3,5 and
5.4 units, respectively. Citrate synthase (EC 4.1.3.7, CS) activity in heart tissue was the highest at 20.7
units. LDH/CS in skeletal muscle, heart, eye and brain tissues were 172.9, 0.6, 0.32 and 0.47. Protein
concentration in skeletal muscle tissue was 14.7 mg/g and specific activities of LDH in skeletal mus-
cle, heart, eye and brain tissues were 25.88, 0.79, 0.31 and 1.38 units/mg, respectively. Therefore, skel-
etal muscle tissue was anaerobic and heart tissue was aerobic. The LDH isozymes in tissues were
identified by polyacrylamide gel electrophoresis, immunoprecipitation and Western blot with anti-
serum against Ay, By, and eye-specific C;, LDH Ay A3B, A;By. AB; and By isozymes were detected in
every tissue, Cy, AGs, AC; and AsC were detected in eye tissue, and AsC was found in brain tissue.
LDH A4 AsB, AsBy, AB;, By eye-specific Cy isozymes were purified by affinity chromatography and
Preparative PAGE Cells. The LDH Ay isozyme was purified in the fraction from elution with NAD
containing buffer of affinity chromatography. Eye-specific Cy isozyme was eluted right after A4, after
which By isozyme was eluted with plain buffer. As a result, one part of molecular structures in Ay,
Bs and eye-specific Cy were similar, but were different from each other in By and Cs. Therefore the
subunit A may be conservative in evolution, and the evolution of subunit B seems to be faster than
that of subunit A. The activity of LDH A4 A;By By, and eye-specific Cy isozymes remained at 39.98,
21.28, 19.67 and 16.87% asa result of the inhibition by 10 mM of pyruvate, so the degree of inhibition
was very high. The Km"™® values were 0. 17, 0.27 and 0.133 mM in A4 By and eye-specific Cy isozymes,
respectively. The optimum pH of LDH Ay, By, eye-specific Cy, A2By, AsB, and AB; were pH 6.5, pH
85, pH 55, pH 6.0-6.5, pH 5.0 and pH 7.5. The A4 and heterotetramer isozymes stabilized a broad
range of pH. Especially, LDH activities in skeletal muscle tissue were high, resulting in a high degree
of muscle activity.LDH metabolism in eye tissue seems to be converted faster from pyruvate to lactate
by eye-specific Cy4 isozyme as eye-specific C4 have the highest affinity for pyruvate, and right after
the conversion, oxidation of lactate was induced by A4 isozyme. It was found that expression of Ldr-C
affinity to substrate and reaction time of C; isozyme were different according to the ecological envi-
ronmental and feeding capturing patterns.

Key words :
M
MR HFEEA 43R A% 84 U LES} B2
SAEE T X, UE 9 A2 IFE 1A Az
FE VX ER a4 9
S &

BA(EC 1.1.1.27, lac-
tate dehydrogenase, LDH)Z A% $1th[4,513]. =3 5714
ZZ A ZFBAo] ol Y CoAR HEE T A EZA4HEHA
HA(EC 4137, citrate synthase, C5)oll 93} A|E24HE A4

— =

*Corresponding author
Tel : +82-43-229-8527, Fax : +82-43-229-8525
E-mail : jjyum@cju.ac.kr

Channa argus, lactate dehydrogenase isozyme, eye-specific Cy isozyme, Km, Vmax

SR CSe 4tstd ulAbe] A& ARS-ETH3,22 . mEbA] =
2ol A #7124 Ak 5714 ALY BE= LDH/CSE
5 % tH8,36].

LDHE NAD™-oxidoreductase 24 Ldh-A B'L C A A}
o HFEA A, B B CE FAE AFEFA ol 1] FH Ak
Ao 5% H*—— Zuj3t}33]. LDH A, T84 E
pyruvate reductaseZ A &7]% Z A A A3}, B, THE
A+ lactate oxidaseZ A 3718 ZA A SABIER, 594
e WSS 2N 48 P e £2 R
HoAgtth 24 Ul R84 527t B8 A, 5714 249
A LDH B, E91529] 7150] Aol 24 370] A2
HAT #7118 2HAA T Ay FAELY A o] F7HE o
Akl A HG3]. Z4te A dAHEZ 4] monocarboxylate
transporter (MCT) AIE &3l AEE Sol7} YFHAOZ 4F



st F lthe MEZE 7Hd o] Bus An27]. Lda-C A
o B¢ B FoAFL wH H A eyespecific Cy
7b B8, JojES 7 2H A llver-spec:lﬁc G Edax
7h 2EH 9], 2RF 5 F AL LarCOL EEH
o] ZAHE A0 HHEBIEE T ER B4t o3 A=
A FaL w8k os) ¥ RIZteiA dAlEral HuHin

(17]. 2} Ao B 3 AT Lar O HAE A, A
X9 27) BRAME LarC fAA7}L THE o] Zabs AHE
she A A Z 2 ATPE A48k, F949] tiAb F40
LDH-A7} 58 93¢ a}ﬂi éokgl EA A2 LDH 24

S FRletgnii621]. T3 FHELE o7 F14, 284
AAE ATs7IAT =& EX]X}E, THELY 27 Fol4
< FRAAZY B EE vdehdoa stiTh34]. 223

715% o7 BF A5Hd 74 2249 oo wat §7]7Q
Al &0l LDH 1845 248t 713 tiats 71
AR 28U 37188S sk Qunna punctaurse 7]
7b $-E8H A9 7% LDH Bis EAI1H o2 T shA|nt

Ao Z YEPRTH19]. =3 &<, 71 2 df ol

2&}= Gasterosteus aculeatus= A7) A Byt YERUYA] &
i =% o 2F AR B BB E[37], §713 2704
AJY $AEA, 3714 2164 Bt As T e BRag o
€ A%E Yeith geba of 79 B9 A AR o] A
ol %?r 2 g5 5o wet & A FE Y=
E 3 M5l LarCt 85 = 9 LDH 59
9] E4E A7 T 024 LDH 59849 7|58 Yofr
N gl Aol LDH 9849 &8 tis) 228 5 A&
oI},

for - fu
" P>

POURE S|
lo
fu g

¢

o

ZANA [dhCFAA7} B35 1, A%
£ol A9 gla Fo gl= 3hdelA A 524
=8 ZgME o7n TFHRT FE A7)

_‘g_

e ‘%}oﬂ I e

-9

Hoox

o
o

o © o
w o H
it fo ob
fr j}o rir
BN °

ez ¥ =2 FEMo| FH|

AZolF Fo1% 7}E A3} 7} X (Perciformes Channidae
Channa arguy= A3 A Fdete] D5 A dPH=E
SRk A, A, A, w5 o 2 23S ool

Journal of Life Science 2010, Vol. 20. No. 2 261

gAS 23] AAT th, 0.1 M potassium phosphate buf-
fer (pH 6.85, 4°C)Z 2ul(v/w) 7}3t4d 4°CE FAA7IEA
glass homogenizer2 o} 3} k. 22 94 A& 4°C, 20,000%
2NA 1A12H4 23] A4 E2)(Mega 17R, Hanil)3} g oH A5
NS A EE A3

LDHeF CSe| & &Y & ThHd M

LDHY| &/4d& 150 mM 3]FE4k3} 014 mM NADHE
3233 0.1 M potassium phosphate buffer (pH 6.85) 3 mle]l
|EZ 713 & NADHE HH NAD'E 4388 & A5
#3457 (Shimadzu UV-160A)E AH&-31e] 25°C, 340 nm]
2339tk 249 9 unit)= 12 5 7128 1 uME
A 7= G490 %o Z, millimolar extinction coefficient
6.225 AH&-3FATH33]. €59 &4 0.2 mM acetyl-CoA, 0.1
mM DTNBJ5,5-dithiobis(2 -nitrobenzoic acid)], 0.5 mM ox-
aloacetic acidE X233+ 0.1 M Tris-HCl buffer (pH 7.5) 3 ml®]
AEE 7F F, DINB7} H8hs = A=E 25°C, 412 nmoj A
E3BEA NN S48 249 E9j(unit)= 1% 5 7]
A1 uME A7 £49 GO 2 millimolar extinction
coefficient 13.6& AH-&-3ted A4bel A th33]. @9 d-& BSAS
Lf“/]"” AZ2 A3l BB FTAZ 595 nmol A Bradford
of wel 43R, LDHY SoldA®s @i
OJoﬂ g G429 &4 (units/mg) o2 UERITH33].
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Native-polyacrylamide  gel X7|¥S:  Western  blotting
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VS %49 IDH 984 Western blot-
ting ¥ HWAIANE & & 7] 918t] na-
tive-polyacrylamide gel 7] %%(natlve-PAGE)% A8
t}. Native- PAGE+ polyacrylamide vertical slab system (SE
250, Hoefer)©. 2 thermostatic circ- ulator (CA-1100, EYELA)
£ AHE3E 4°CE FAAIZIHA A A8 TH14]. Slab gel-&
6.5% acrylamide separation gel % 2.5% acrylamide stacking
gel& =13, Al &0+ sucrose$} bromophenol blue &4
< 11(v/v)E 718 % 5 mM Tris-glycine buffer (pH 8.3)&
AFE-3Fe 100 VeIl A 20%-3F, 200 Vol A 4417 A 719 &3
t}. LDH: pi-lactate, NBT, PMS ¥ NAD'E &£33h §oz
37°CAlA AAZ F, 15% i*“l%“ ol A 37 o} 3 tH33].

ZAN 2 GA & FHEALE native-PAGE F semi-dry
transfer system (Trans-blot SD, Bio-Rad)?lA 0.015 M
Tris-glycine buffer (pH 8.3)& AF&-3}] 25 Vel A 3027} ni-
trocellulose ol o] A1t} 5% nonfat skim milk/Tris buf-
fered saline (0.01 M TBS, pH 7.5) & %ojl 2h& Y11 25°Cel| A
1A17F ¥H8-A171 B 0.05% tween 20/TBS &< 0 & 10524 33]
Al 28t t} 0.8% nonfat skim milk/TBSZ 3]st A %] A4
(1:1,000), 4~ By (1:800)[11], & 23] eye-specific C4 (1:800)
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stol -3 BEAE o|2A B FAELE FAAAT.
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NADHE #7Hg 242, 4%, v 32 o 245 43 249
10 mlg 941711, 02 mM NADHE -8 buffer 100 ml
k. oo 16 mM NAD'S #+- buffer 80 miE ]
/\]7] 11, o] buffer 110 mlZ FYAHCH, £E4S 1.6 ml
A FZ3AH20]. 24 22 cellulose acetate stripell 23}
of LDH &4¢] & £8& 8118 ¥ LDH T a9 &4
= 1S st gA 2g9=& 23tk LDH
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Preparative PAGE Cells (Prep Cell Model 491, Bio-Rad)-2
4% acrylamide separation gel¥} stacking gel S 5:1% 41¢] ¢+
£ gel (2850 mm)°ll A& 5 ml¢} buffer (0.0625 M Tris-HCl,
pH 6.8, 10% glycerol, 0.025% bromophenol blue)E 1:1(v/v)
2 4L 89S 718kaL, 0025 M Tris-glycine buffer (pH 8.3)%
460 V, 40 mAd A A A5t BufferE 0.75 ml/minZ %

AlZ71HA 2 mlA g8k, 2 B8 ta a484d 34
g i S AAIEH L, elution profiles 2143319121
LDH &4Jo] &9ld £ 32 native-PAGESIY TH &4} A
AY YT FZAA AR AT

LDH Selgas9| 7|2Ed &3

A gt LDH A4, AsBy, By B eye-specific G 3HEAE T
FE2}0.1-10 mMol A LDH 24& :Xﬁﬂ &, Ad &40
gk Ao 24 (%) et 71dEEe ) AsjHe F=
g elstdth. gk 5 F B4 10-500 uMol| 4] LDH €4
T3] Lineweaver-Burk plotell £3l Km™™e 1359,

LDHe| =& pH
4A$ LDH A, AsB, AsBy, ABs, By 2 eye-specific Cy &
2E 4°C, 0.1 M sodium acetate buffer (pH 4.0, 4.5, 5.0),
0.1 M sodium citrate buffer (pH 5.5), 0.1 M potassium phos-
phate buffer (pH 6.0, 6.5, 7.0), 0.1 M Tris-HCI buffer (pH
7.5, 80, 8.5), 0.1 M Tris-glycine buffer (pH 9.0) 2 0.1 M so-
dium carbonate buffer (pH 9.5, 10.0, 10.5)l 12417 ¥H-&-A171
F LDH 245 =43k3la, HAh Ao thd Bh S4(%)=
8ol H7 pHE HAsdh

LDHe} Cs & & A Ha
LDH &4 F40] 3804 unitsZ 71 £33 A4 134,
=35, % 24 54 units2 SHA &<1E AtKTable 1). 27}
Z AT 358.83 units ot o A% 142.37 units, ¥ 17.32
units[10], F95 ¢ 53.25, ¥ 234 2879 units [35]¢} HlnL
Al @A) g Skt €S 242 44 207, 4 116, = 109,
T4 o] 2.2 unitsE oy, EHE AR 239 CS 3.66
units [35]9 ¥} A gEick. LDH/CSE =42 1729,
A7 06, i 0.32, = 0470] th(Table 1). Cichlidae Satangperca
aff jurupari =23 41749 LDH/CS 173.36, 6.17} vl st
ZTAZL FAER) AR ‘4,\}‘3]—[8] el oko DA 147
mg/g, ¥ £4 39 mg/gl =, &7te] A 31.30 mg/g,
¥ 241273 mg/goll W& EPAT FUE AT 592

Table 1. Lactate dehydrogenase activity, citrate synthase activity and protein concentration in various tissues from Channa argus

Tissue LDH ‘activity (@3 aCFiVity Protein LDH/CS Speciﬁc activity
(units/g) (units) (mg/g) (units/ mg)

Skeletal muscle 380.4 22 14.7 1729 25.88
Heart 134 20.7 16.9 0.6 0.79
Kidney 228 16.6 16.0 14 143
Liver 1.0 11.3 15.2 0.09 0.07
Eye 35 109 11.3 0.32 0.31
Brain 5.4 11.6 39 0.47 1.38
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Fig. 1. Native-polyacrylamide electrophoresis zymograms of LDH isozymes in tissues of Channa argus and Western blotting (b)
or immunoprecipitation (c) with Coregperca herzi A4 antiserum (anti-As4), Bos taurus By antiserum (anti-By), Sebastes schlegeli
eye-specific Cy4 antiserum (anti-eye Cy). (a) M, skeletal muscle; H, heart; K, kindey; L, liver; E, eye; B, brain; (b) m, M+
anti-Ay; h, H+anti-By; e, E+anti-Cy; (c) M, skeletal muscle; 1, M+anti-A4 (1:0.5); 2, H+anti-A4 (1:0.5); 3, H+anti-A4 (1:1); 4,
H+anti-A4 (1:2); 5, H+anti-By (1:1); 6, H+anti-Bs (1:2); 7, H+anti-C, (1:1); 8, H+anti-Cy (1:2); E, eye; 9, E+anti-A4 (1:0.5); 10,
E+anti-A4 (1:1); 11, E+anti-B4 (1:1); 12, E+anti-B4 (1:2); 13, E+anti-Cy (1:0.5); 14, E+anti-Cy(1:2).
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Fig. 2. Affinity chromatography of LDH isozymes in skeletal
muscle, heart, eye and brain from Channa argus on the
sepharose-linked oxamate gel (25x85 mm). Fractions of
1.6 ml were collected at a flow rate 0.4 ml/min and chro-
matography was performed at 4°C. O, Protein; @,
Enzyme activity.

«B,
+ A8,
- AsB,
- A5
« Ay

+ «Cy

Fig. 3. Polyacrylamide gel electrophoresis zymograms of puri-
fied LDH by affinity chromatography (Fig. 2). C, LDH
isozymes in skeletal muscle, heart, eye and brain of
Channa argus, 1, fraction numbers: 108-112; 2. fraction
numbers: 113-121; 3, fraction numbers: 122-130; 4, frac-
tion numbers: 132-138; 5, fraction numbers: 140-146; 6,
fraction numbers: 147-151; 7, fraction numbers: 153-161;
8, fraction numbers: 162-170; 9, fraction numbers:
171-178; 10. fraction numbers: 181-195.

ol (Fig. 3.10), A%} BE 9 F 47} 44591tk 187 LDH 5
YE LS Aol RIS Hof xe , Prep CellS A A5}
AthFig. 4). PAGE3}te] LDHE <1319 ©. 1 (Fig. 5), 9-15%
oA eye-specific Cu5 9 &A% HA| = L3 (Fig. 5.1), 2248
YA At BAE T, 111124 £l A AsB, 139-158 &2
oA AsBy 183210 E-E o)A AB, 220272 #-8ol A B, T &
27 47k AAE AT BAE Aol A-BEH, Beoll B-ZE
%, & eye-specific C4 &% &40l eye-specific G- S Al
8-3to] Western blottingd 2%} 27} & W=7} 8¢l o]
A= Aol &= A ThFig. 5. 7-9) 1)1 affinity chro-
matography$} Prep Cell2 59 &84E AA$ $ LDH €4

gl A 9 Soldds 34 0}91 © 1 (Table 2), aff1n1ty
chromatography 22} A4 732.75 units, By 6.50 units& % #5}
QAL FE5EC] 81.5%H T Prep Cell ¥ Ay 1168.85 units, AsB

50 100 150 200 250 300
Fraction number

Fig. 4. Purification of LDH A4, AsB, A;B,, AB3, By and Cy iso-

zymes by Prep Cell from pooled LDH sol. after chroma-

tography (Fig. 2). Fractions of 2 ml were collected at flow

rate 1ml/min.
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Fig. 5. Polyacrylamide gel electrophoresis zymograms of puri-
fied LDH isozymes by Prep Cell. 1, fraction numbers:
9-15; 2, fraction numbers: 22-48; 3, fraction numbers:
111-124; 4, fraction numbers: 139-158; 5, fraction num-
bers: 183-210; 6, fraction numbers: 220-272; 7. Western
blot analysis of purified A4 isozyme with anti-Ay; 8,
Western blot of purified By with anti-By; 9, Western blot
of purified eye-Cy with anti-eye Cj.

10.70 units, A;B; 14.30 units, AB; 10.70 units, C, 10.80 units
7} 22y A= Aok 18] AL affinity chromatography 24 ol
M O& %9 LDH 9847} 25+ 94S B NAD'
F9 T 1%50] A= 4056 ml [26], 5 A 549 mloﬂ A
£Z 53 eye-specific = Ay T E 40l 017,<j 0}04
ATH35]. AA Ase 68-120 ml [11]o1M &&5 3, buffer
F9 F 3159] eye-specific Ci= 2045 ml [36], 2 FA| A
44-52 ml [20], 24J7¢o] LDH 4676 ml, & Bs= 66-72 mi[11]°]l
A &2d Aes RuHY tebr & A 7HEA] Ay
E NAD" £ ¥ 5664 mioI A AAH AL, 150 Asst AR
Ay FHEL AboldlA Ee]E o] ST frAFskG o H, buf-
fer 7Y & &35 B FA A9t FA%o] LDHS= Abo]
£ YERAH Eye-specific = A9} 3 &5 5T B9} 85
HER A0l Ao O AT B 4 gleng, %
S fAsaniee], 2dve Bt ¥ @195 2
B Ayt Q7 fFARSEIL ot Bt frAbeHAl & Z3}o}
SEEE e
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Lactate dehydrogenase S¢|&42
LDH 9849 714 gk 93t4 432 s
A F2E olsfata AHA S o H‘SHEHI Fr-&3teH23].
Ao A FHAF10 mMol|A LDH &
AY As THYE4 3998%, AB, 21. 28%, By 19.67%, %
eye-specific C4 16.87% &4J¢] Folglo] A3 A&7t & Ao
2 IEAthFig. 6). AA S Ay FARL 72%, 229 By 5]
g 2%9 B0 dthe Rall]e vlud o Z A3
°] LDH A; &4 A9 By A BT F3H0 2 Y
o s Ay YA A 4347% [35]9} FrAkslAaL, Wl 7)H<
Hypostomus plecotomus Ay 29.9% [10|Bthe <F7F =9ko 4,
02 9849 A3l A=e & BET FdTh 3 eye-spe-
cific Cy FHELE 1687% % EW= eye-specific Cy ¢ A4
36.53% [35], 115 ] eye-specific Cs &I §/\_0,] 30% [26]%.tk
Aol Awrt 2A vepgeh 2y w715 H plecostomus
2249 AH AT 383473% < A THELEC] FFE
ALl A3t ol HtHE B a1[12,35]9HE #lo]lS Bl ¥
718Fo R C punctatus 75 3 FHAE 125 mM7HA] 4%
LDH #4¢] 23, 125 mM o4 & ZAZ LDH/} %7}
3tk 26 mMol A Hd A4S Yepf oz, A-S 9T B4 60
mMel X HA S UEh o] o] A= AATH2] £ A3
dXE C HEA E4do] 9FHA 001 mM-0.3 M7HA] |
A F7Fska At F71ete 1 mMelA A2 Uehd 3 A3
HuR, Col 9af wh&o] £ dojutar, o]F A, Byl &3t
B2 O 7tEA TR 9FEA gAL w2 A Yoy,
714 whgo] wmEA e AS 2 T A}
81 7HEX) LDH 598459 3283 g Km™
2 A4 017 mM, By 027 mM, eye-specific C4 0.133 mM©] 1L
Vmax2 As 666.67, By 1.25, C4 0380|022 G Y &A=
95 Bk NADHe 218H4d0] 74 kA1 Vmaxo] %7
Ul tH(Table 3). 9o} Ay Km 0173 mM, %0} Ay Km 0.209
mM¢} HI W A] Joj o} frARs A TH32]. Lejut AAka 87 o
A3 Eol @714 ¥hgo] A% FES =42 Km 0.083,

o e Mr

Table 2. Purification of LDH isozymes from the skeletal muscle, heart, eye and brain of Channa argus

. . Total protein Specific activity Yield
Step Total activity (units) (mg) (units/meg) (%)
Crude extract 3472.55 664.00 5.23 100.0
Ay, 73275 3.05 240.25
Affinity chromatography Ay+A3B+ABy+A;By+By+Cy, 2091.55 8.65 241.80 815
By, 6.5 0.1 65.00
Preparative PAGE Cells 1568.66 7.95 197.32
Ay, 1168.85 430 271.83
AsB, 1070 0.15 71.33
Ultraflitration ABy, 1430 0.50 28.60 35.0
AB;, 1070 0.15 71.33
G, 1080 0.20 54.00
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Table 3. Apparent Michaelis-Menten constant values for lactate
dehydrogenase isozymes from Channa argus

LDH isozyme Km (mM pyruvate) Vmax
LDH A4 0.17 666.67
LDH By 0.27 1.25
LDH G4 0.13 0.38

100
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40
2
2 20
3
8
R 0 2 4 6 8 10

[Pyruvate]mM

Fig. 6. Effect of pyruvate concentrations on the activity of LDH
isozymes in Channa argus. @, As isozyme; O, A:By; A,
B, isozyme; M, C, isozyme.

0.089, A4 0.098[35], Cichlidae Oreachromis mossambicus By
Km 0.032 mM, G Km 0014 mM[15]%} ®lashH 7| LDH
= 71dREg o] A et A, C A ane] H3gol
Vg 2 AL OE T A T8 Cichlidae Satangreraa
aff jurgpart= 35382 1 mM/10 mM 22 0.66, A7 0.34
210 mMoIA] SAISA g, A 7ES A4E 8]
A Atg she Ao nusls] 1A e AE ¥
T AT 7 A B AMA ofFEUE @714 AL wke

o] =¥ Ao FAHYrh

pH OFEAM I &K pH

pHell tig LDHS] &4 3 H7 pHE &<latith. LDH
Ay TIEAE pH 5.0-105914 50% 14 E4S Yeh
W& pH Gl st A oM pH 6594 Hdh 4L
BT, By T ELE pH 7.0-9.0004 50% o]4+e] #4948

ERH AL pH 85914 o} 8492 vehl ¢2e] 27104 <
31t} Eye-specific C4 51 &4 pH 5.0-6.5 AFo] oA 50%
o]4ke] 842 Uehfa pH 55914 Ao 84S Lehy A3
Zol| A b A T webA] Ay, By 2 eye-specific C48] #Z]
pHE 22} pH 65, pH 85, pH 55 THFig. 7). AB, FH &4
£ 3 pH 6.0-65%93L, pH 8.0-10.0914 50% o]d¢] &A1&
et AB 9184 A pH 500133, pH 6.0-9.000 4]
50% o]4+e EA& veh SHgstdth AB; T EAE HA
pH 7593 pH 40105914 50% ol4o] Yeh}Eg We pH
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Fig. 7. Effect of pH on the activity of LDH isozymes in (anna
argus. @, LDH A, isozyme; O, By isozyme; M, Cy
isozyme.
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Fig. 8. Effect of pH on the activity of LDH isozymes in (hanna
argus. @, LDH AsB isozyme; O, A;B; isozyme; M, AB;
isozyme.

G olA Bt THEg. 8). wWekA FHALFA Ay FHEL
S} o] FAZFA AsBy, AsB, ABs= W= pH G H o)A HA st
HgHAo A s e Ao E AR HY. BIFA 242
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ic G ## pH 8520]¢t = Th& 235 AU} webd HF
pHO B¢ offF FEol od MAA | 2 Holx =7t o
gt 2 A veue AoE Algdd.

THEAE 3715 ES aH st AAsARE AXMA R
Hoh= @713 Al §hgo] =1 A0 R Al E L, §44 o
FEAM o2 Fo Hs] 2429 LDH 40| 53] 222
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A=Ak gk A% 222 LDH &A4o] @At 32 57
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=5 71=R(Chamna argus RAETL5A SEAES M H &Y

7VE A (Channa argus) 229 A g 42 F 4 5984 (EC 1.1.1.27, lactate dehydrogenase, LDH)E 73 A| 3} 3L
Aseta, Wosta g o5k o g EAS Atk LDH 842 &4 20] 3804 units® 7MY w31 A%
134, % 35, 274 54 units©] 901, A< CS 4L 207 wnit2 M4 E1, LDH/CSE 222 1729, A%
06, % 032, ] 04707, @A k& FAT 147 mg/gol ™, 50124 (units/mg) & FAZ 2588, 474 079, i
031, > 1.38 units/mgo| Y22 FATL g7]& o], 44L& 57|24 0| Atk LDH A, By, eye-specific Cyoll t] g
FPH S A3 Western blot, 93743 2 native- polyacrylamide gel electrophoresis®ll <J3 Ay, AsB, AzB,,

AB; 9 B} BE ZA 0|4 FelEga,
Ay, A3B, AsBy, ABs, By, eye-specific Cy
AA =t LDH Ay 591 84E NAD'

Jo ot A

ZA A Cot AG, AxCy AGs, ¥ ZF oA ACE 1= Tt LDH
AEAE affinity chromatography @} Preparative PAGE Cellol] <J3)
A T HA = AL, eye-specific = A0l o]0} &&H 7] Al AstH o

B, buffer 9 § &= A FAF 23 A= By F eye-specific CooF EAHTZ 9] AF7} FARSFAA T Byst

GE ME 92 Aoz Yeygong RaA As HEH o)1, s d9A Be AR O w24 X3d RAog
Btk FFEA 10 mMoAA Ay 5 E 2 39.98%, AsB; 21.28%, By 19.67% 2 eye-specific Cs 16.87% 2] 4 ¢]
ol glar, o F B A g Km™ e Ay 017 mM, By 0.27 mM, eye-specific Cy 0133 mM%Ith. Ay, By, eye-specific
Cy, ABy, AsB 2 ABy9] # 32 pHE Z+2 pH 650, pH 8.5, pH 5.5, pH 6.0-6.5, 50 & pH 7531, S2AIEA
As} o) HALHA FHEAEL W pH FGllA A 3ATE 53] F42E LDH E4¢] 222 FF/do] Am,
TXAAA 2 FBAL F5ke o] 9 eye-specific Cuoll 93l 2 FHAL tiAL} wEEA Aojutar, o] o] A Ayol o3

AstH oA s Ao AlgHER, Fof A 2L Ho| 5 g wel LDH-C W, 71 g
A3t% g giAb Agte] T2 Ao Z AlEEh



